A total of 218 yearling Hereford, Angus, Santa Gertrudis and Brahman bulls was evaluated for semen traits and testieular volume at average ages of 16 and 20 months in April and August, respectively, during 2 successive years. Brahman bulls reached puberty at a later age than bulls of the Santa Gertrudis, Hereford and Angus breeds. Santa Gertrudis bulls had the largest testes with the Brahman having the smallest during this time span. During the summer months, when the bulls were 16 to 20 months of age, testes size, sperm motility and sperm cell concentration of the ejaculate increased markedly in Brahman and Santa Gertrudis bulls. Angus bulls exhibited stable to slight increases in testes size, semen volume and semen quality, suggesting that this breed had reached its most rapid stage of development by 16 months of age. During this same period Hereford bulls showed a decline in testicular size and semen quality suggesting that Hereford bulls suffered from the environmental stresses of the semitropical summer in Florida. Within the Hereford breed, bulls from the lines of Montana origin exhibited a greater decline than those from the line originating in Florida.
INTRODUCTION
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2Mention of a trade name, proprietary product, or specific equipment does not constitute a guarantee or warranty by the U.S. Department of Agriculture and does not imply its approval to the exclusion of other products that may be suitable. Reynolds (1960) , Chapman and England (1965) , Gonzales-Padilla et aL (1969) and Crockett et al. (1973) . Breed differences in sperm motility and sperm concentration in response to the summer environment were reported by Almquist and Cunningham (1967) while recently Igboeli and Rakha (1971) and Rhynes and Ewing (1973) confirmed a deleterious effect of high ambient temperature on sperm production and fertility of bulls.
Differences in sexual development of bulls of different breeds under semi-tropical conditions needs further documentation. This information could be important in genetic selection and in planning management procedures to maximize reproductive capacity in beef cattle.
The objectives of this study were to determine breed and season effects on testicular volume and semen traits of young bulls of different breeds maintained at the Brooksville Florida Beef Cattle Research Station.
MATERIALS AND METHODS
The data utilized in this study were collected at the Brooksville Beef Cattle Research Station, Brooksville, FL, longitude 82 ~ 30 rain west, latitude 28 ~ 30 min north. The bulls in the study included 77 Angus, 27 Florida Line Herefords (Herd #6), 63 Montana Line one Herefords, 24 Brahman and 27 Santa Gertrudis, The Montana Line one Herefords were transferred from Miles City, MT (105 ~ 30 rain West Longitude and 46 ~ 25 rain North Latitude) to Florida during 1962 to 1964. The two sub-lines of Montana cattle maintained in Florida were combined for this study. The gene environmental interaction study involving the Hereford lines has been described by Butts et al. (1971) .
The bulls were born during a restricted calving season of approximately 90 days, beginning in late December. None of the male calves was castrated, and all available bulls were included 1299 JOURNAL OF ANIMAL SCIENCE, Vol. 48, No. 6 (1979) in the study. All calves were weaned at one time, at an average of 225 days. They were limited-fed a growing ration to gain about .8 kg/day.
Observations were recorded on each bull in April and August. Ages varied from 13 to 16 months for the April date and from 17 to 20 months for the August date. Two successive calf corps were observed.
Bulls were restrained in a squeeze chute and testes were measured before electroejaculation. The in situ proximal-distal length of each testis plus scrotum was measured with a set of spring adjusted, straight calipers (Podany, 1964) and the medial-lateral width of both testis plus scrotum was measured with a Vernier caliper. These measurements were used to estimate testicular volume by use of the formula V = ~r r2h for computing the volume of a paraboloid. A single sample of semen was collected at each observation by electroejaculation (Nicholson, Inc., Denver, CO).
Semen volume, percentage of motile spermatozoa and sperm concentration were determined for each ejaculate. Immediately after collection, one-half of each ejaculate was stored over dry ice, then transferred to a freezer maintained at -15 C until the fructose concentration was determined by the procedure of Mann (1948) . Sperm concentration was determined with a Coulter Counter Model F (Glover and Phipps, 1962) equipped with an aperture current setting of 2 with a threshold of 10, an attenuation of .707 and a standard 100/am diameter aperture.
These data were analyzed by least-squares procedures with a model that included the effects of breed, year of record, month of record, breed x year, breed x month and year x month interactions and the linear regression of birth date of measurement. Simple correlations among the various traits were computed from the residual sum of squares and cross products.
RESULTS AND DISCUSSION
Analyses of variance are shown in table 1. Means and standard errors of the mean for growth rate (body weight), testicular volume and semen traits are shown in table 2. Mean values for testicular volume, sperm concentration, percentage of motile sperm and fructose concentration during April and August are shown graphically by breed in figure 1 .
Testicular Volume. Breed and year effects on testicular volume were highly significant. Average month effects pooled over breeds and years were nonsignificant, however, the breed by month interaction was significant. Santa Gertrudis bulls had the largest testes, followed by the Florida Hereford, Montana Hereford, Angus and Brahman bulls. When expressed as testicular volume per unit of body weight, Hereford and Angus bulls ranked above the Santa Gertrudis.
Brahman bulls showed the largest increase in testicular size from April to August (147 cm 3), followed by the Santa Gertrudis (54 cm 3 ). These data suggest that from 16 to 20 months of age, Brahaman bulls were in a stage of rapid sexual development as determined by increase in testicular size. Month of observation necessarily was confounded with both season and age. Consequently, any interpretation of month effects would be subjective. A reduction in testicular volume from April to August was observed in both lines of Hereford in this study. Coulter and Foote (1976) noted a similar seasonal decline in scrotal circumference of Holstein bulls in an artificial insemination stud. The reduction in testicular volume in the Hereford bulls in this study may have resulted from a greater susceptibility of this breed to the high humidity and temperature effects on the seminiferous tubules. Seminiferous tubules make up 77% of the testicular volume (Amann, 1962) , and increased temperature has a deleterious effect on these tubules (Llaurado and Dominguez, 1963) . Unfavorable seasonal effects were suggested also by the decline (P<.01)in sperm concentration and total sperm output per ejaculate for the Montana Herefords. Alternatively, the hypothalamic-pituitary axis may have been adversely affected by the high humidity and temperature resulting in decreased gonadotropin secretion and reduced seminiferous tubule volume.
Correlations among body weight, testicular volume and semen traits are shown in table 3.
Semen Volume. Breed was the only variable
showing a significant effect on semen volume; the Montana Hereford bulls showed the lowest semen volume. Almquist and Cunningham (1967) reported that semen volume of bulls increased up to 2 years of age. They were unable to show any seasonal effect; however, Igboeli and Rakha (1971) showed that semen volume in Zebu cattle declined during the hot season. In the present study, semen volume for the Montana Hereford bulls declined slightly from April to August (table 2) . Semen traits, particularily, semen volume may have been influenced by the technique of electroejaculation. However, as far as possible the technique used for collection was similar for all bulls. Semen volume was positively correlated with seminal fructose levels and negatively associated with sperm concnetration (P<.O1).
Sperm Motility. Mean percentage of motile sperm are shown in table 2 and figure 1. Breed averages for this trait were 83, 69, 69, 58 and 48% (P<.01) for the Florida Hereford, Montana Hereford, Angus, Santa Gertrudis and Brahman bulls, respsectively. Markedly increased sperm motility for the Santa Gertrudis and Brahman bulbs between 16 and 20 months of age, was apparently associated with increased sexual maturity. During this same summer period, sperm motility for the Montana Hereford bulls decreased from 77 to 61%, whereas that for the Florida Herefords only decreased from 83 to 82%.
Sperm motility was positively (P<.O1) related to testicular volume and sperm concentration (table 3) Almquist and Cunningham (1967) and in the Zebu by Igboeli and Rakha (1971) . Sperm concentration showed positive correlations of .39 and .14 (P<.01) with motility and testicular volume, and a negative correlation of -.14-(P<.01) with seminal fructose concentration.
Fructose. Seminal fructose levels varied significantly with breed, year and month. Mean values for the Brahman and Montana Hereford bulls were comparable and were significantly lower than those for the other breeds (figure 1). All breed groups showed a lower seminal fructose level in August than in April. Seminal fructose has been reported to reflect androgen stimulation of the vesicular glands (Mann, 1948) . These reports were indirectly supported in this study by libido evaluations in which breed groups ranked in the same order as that of seminal fructose levels. In addition, subsequent studies have shown the Brahman to have significantly lower systemic testosterone levels than Angus bulls (M. J. Fields and J. F. Hentges, unpublished data).
Seasonal changes in seminal fructose levels observed in this study agree with those in a report of lgboeli and Rakha (1971) with Zebu cattle. Other workers, however, including Glover (1956) , Clegg (1960) and Moule and Waites (1963) , have associated high ambient temperatures with increased seminal fructose. Nutritional factors also have been shown to influence fructose levels (Shirley el al., 1963; Moule et al., 1966) . Whether the lowered fructose levels observed during August in this study were due to environmental factors or associated with maturation in young bulls was not established.
Breed differences were evident in this study. Sperm motility and sperm concentration were significantly lower for Santa Gertrudis and Brahman bulls than for Angus and the Florida line Hereford bulls. The Santa Gertrudis bulls had large testicular volume but low total sperm output. This observation suggests that pubertal processes in the Santa Gertrudis occurred over a longer period of time than in the other breeds studied. Under conditions of this study, it would be prudent to take into consideration the late maturity of Bos indicus in determining time of first mating and bull to cow ratio.
Unfavorable environmental effects were suggested by the decrease in sperm concentration, sperm motility and testicular volume of the Hereford bulls from the Montana-origin lines. This point needs further clarification particularily in view of possible genotype by environmental interactions.
